Background: adults aged ≥65 years are often excluded from health research studies. Lack of representation reduces generalisability of treatments for this age group. Objective: to evaluate the effectiveness of strategies that improve recruitment and retention of adults aged ≥65 in observational studies and randomised controlled trials (RCTs). Methods: searches conducted in 10 databases for RCTs of recruitment and retention strategies in RCTs or observational studies. Two reviewers screened abstracts and full-text articles for eligibility and extracted data. Studies without separate data for adults aged ≥65 were discarded. Risk of bias assessed using the Cochrane Risk of Bias tool. Results were synthesised narratively. Results: thirty-two studies were included in the review (n = 75,444). Twelve studies had low risk of bias, of which 10 had successful strategies including: Opt-out versus opt-in increased recruitment (13.6% (n = 261)−18.7% (n = 36) difference; two studies); Advance notification increased retention (1.6% difference, OR 1.45; 95% CI 1.01, 2.10, one study (n = 2,686); 9.1% difference at 4 months, 1.44; 1.08, 1.92, one study (n = 753)); Hand-delivered versus postal surveys increased response (25.1% difference; X 2 = 11.40, P < 0.01; one study (n = 139)); Open randomised design versus blinded RCT increased recruitment (1.56; 1.05, 2.33) and retention (13.9% difference; 3.1%, 24.6%) in one study (n = 538). Risk of bias was high/ unclear for studies in which incentives or shorter length questionnaires increased response. Discussion: in low risk of bias studies, few of the strategies that improved participation in older adults had been tested in ≥1 study. Opt-out and advance notification strategies improved recruitment and retention, respectively, although an opt-out approach may have ethical limitations. Evidence from single studies limits the generalisability of other strategies.
Introduction Rationale
With increasing life expectancy, the challenge for healthcare is the management of the growing number of older adults (aged ≥65 years) with comorbidities and related polypharmacy [1] . Older adults need to be considered as different from younger adults in terms of whether interventions can be useful in improving health and quality of life [2] [3] [4] . However, this age group is consistently under-represented in clinical trials because (i) they are often excluded from trials [5] [6] [7] [8] and (ii) participation of this age group in epidemiological studies is declining [9] . It is, therefore, important to improve recruitment and retention of those aged ≥65 years in research studies [10] by (i) encouraging researchers to avoid using arbitrary upper age cut-offs [11] , and (ii) finding new ways to engage prospective participants [9] using evidence-based recruitment and retention strategies.
One review of recruitment of adults focused on age ≥50 years but did not assess study quality or risk of bias [12] . Three Cochrane reviews examined the evidence for strategies that increase recruitment to trials [13] , retention in trials [14] and postal and electronic questionnaire response [15] , reporting several successful strategies including telephone reminders [13] , opt-out strategies [13] , open design [13, 14] , monetary incentives [14, 15] , recorded delivery [14, 15] , teaser on envelope [15] and shorter e-questionnaires [15] . However, there was no age restriction for these reviews and results were not reported by age [13] [14] [15] . Older adults can have problems with cognition, vision, hearing and use of technology [16, 17] which could affect these results. Therefore, it is uncertain if the results from previous reviews are applicable to the ≥65 year age group. To the best of our knowledge, no previous systematic reviews have assessed the evidence for recruitment and retention strategies specifically in adults aged ≥65 years.
Objectives
This systematic review aims to evaluate the effectiveness of strategies that improve recruitment and retention of adults aged ≥65 years to observational studies and randomised controlled trials (RCTs), which will (i) inform evidencebased strategies to improve the representativeness of older adults in RCTs, and (ii) have the potential to impact on the appropriateness of the healthcare delivered to this age group.
Methods
This review is reported in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidance [18] . A protocol was developed before starting this systematic review giving details of the methods and is available on request from the authors. The International Prospective Register of Systematic Reviews (https://www.crd.york.ac.uk/PROSPERO/) does not accept methodological reviews with no direct patient or clinically relevant outcomes, so we were unable to register the protocol prospectively.
Search strategy and selection criteria
Electronic bibliographic databases (MEDLINE, EMBASE, PsycINFO, HMIC, Web of Science, CINAHL, Cochrane CENTRAL, Cochrane Methods Database, Ageline and AgeInfo) were searched, with no language restrictions, from the earliest available date to January 2016. J.L.J. (an information specialist) assisted with the search strategy, which included terms relating to recruitment and retention of study participants, combined with the Cochrane highly sensitive search strategy for identifying RCTs [19] (full Medline search strategy in see Supplementary data, Appendix 1, available at Age and Ageing online). Although terms for older adults were included, search filters that limit to older adults were not used to keep the search sensitive. Search terms were adapted for each bibliographic database in combination with database-specific filters for controlled trials, where these were available.
Eligibility criteria
Eligibility criteria were based on the PICOS framework. The population included was adults aged ≥18. At the title and abstract screening stages, articles were included if they had some participants aged <65 years, or if there appeared to be no upper age limit. At the full article screening stage, studies that did not give results separately for people aged ≥65 years or studies that had an upper age limit <65 years were excluded. Interventions were strategies to improve response/ recruitment and/or retention (e.g. incentives, telephone call and reminders). Strategies could be tested against ≥1 other strategies or a control only (no strategy). Outcomes were the number and proportion of participants who responded or who were recruited/retained. RCTs and quasi-randomised trials (QRTs) of recruitment and/or retention strategies conducted in randomised or quasi-RCTs or observational studies, in any setting, were included. Articles for which full-text was not available, with no data, or those not testing strategies to improve response/recruitment/retention of participants to research studies (e.g. where people were asked reasons for participating/remaining or not participating/not remaining in a study; recruitment/retention to screening programmes; incentives/disincentives for clinicians to recruit/retain participants; studies reporting factors (e.g. participant characteristics) that predicted or were associated with recruitment/ retention) were excluded.
Study selection and data extraction
Titles of all records identified from the searches were screened by one reviewer (R.J.L.) based on the eligibility criteria. Pairs of the reviewing team (R.J.L., R.W., G.W.-J. and E.W.) screened each abstract independently and assessed the full-text of all potentially eligible articles independently to determine if they met the inclusion criteria. Data were extracted independently by pairs of reviewers using a piloted proforma: authors, country; design; setting; population; demographics; recruitment and/or retention strategies; number aged ≥65 years contacted; outcome measures (number and proportion of participants aged ≥65 years responded/recruited/retained). Disagreements were discussed and a third reviewer consulted if necessary. All references of included articles were screened for potential citations. We did not conduct a forward citation search. We contacted authors only as necessary in order to calculate the total n and the absolute rates of response, recruitment or retention for included studies.
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Risk of bias
Risk of bias for each of five domains of the Cochrane Risk of Bias tool [19] was assessed for each study, and studies were not excluded based on their risk of bias assessment. Due to practical difficulties in blinding participants and personnel to recruitment/retention interventions, adequacy of random sequence generation and allocation concealment, completeness of outcome data and selective reporting were designated as the 'key' domains for this review. The overall risk of bias for each study was assessed as Low (low risk of bias for all key domains), Unclear (unclear risk of bias for ≥1 key domains) or High (high risk of bias for ≥1 key domains) [19] .
Synthesis of results
It was anticipated that results from the included studies would not be combined for meta-analysis due to the many differences in the populations, strategies and settings of the studies. Therefore, a narrative synthesis of the data was conducted, grouping the results by types of strategy to assess differences between successful strategies and the overall risk of bias in these studies.
Results
Study selection
The flow diagram (Figure 1 ) describes the process of selection of studies for the systematic review. After removing duplicates, and screening 21,924 titles and 1,087 abstracts, 424 full-text articles were assessed for eligibility. Data were extracted from 32 full-text articles, which met all the eligibility criteria and were included in the review [20-51]. The minimum age of the populations was 65 years in 8 studies and 70 years in 8 studies. One study had a population aged ≥72 years, and one had a population aged ≥75 years. Seven studies included populations with minimum age <65 years. Population age was not restricted in seven studies, but authors stratified their results by ages ≥65 years or gave the mean age of participants. Almost half of the studies recruited participants from primary care settings.
Study characteristics
Risk of bias
The overall risk of bias from the included studies was vari- 
Results of individual studies
The 32 studies included 34 strategies which were stratified by 12 types of strategy (see Supplementary data, Appendix 5, available at Age and Ageing online). The most frequently evaluated strategies were method of approach or administration [22, 25, 28 
Synthesis of results
Successful strategies with overall low or unclear risk of bias (see Supplementary data, Appendix 6, available at Age and Ageing online):
An opt-out compared to an opt-in approach increased recruitment in two studies with an overall low risk of bias [32, 48] . An opt-out approach advises potential participants that they will be included in a study unless they contact the researcher to decline participation, e.g. by reply card, telephone ('opt-out'), whereas an opt-in approach requires participants to contact the researcher only if they are willing to particpate. The difference in recruitment was 13.6% and 18.7% in the two studies, respectively [32, 48], although statistical testing was unavailable for the former result [32] and the latter was not statistically significant likely due to small numbers [48] . However, when compared to a control, a refusal postcard (an opt-out type approach) increased refusal rates to complete a telephone survey (X 2 = 31.6, P = 0.001) [49] with a difference in refusal of 18%, although this study had an overall unclear risk of bias. In a study with an overall low risk of bias, the odds of recruitment increased by 1.5 (95% confidence interval 1.0, 2.3; P = 0.046) using telephone contact by study nurse (stated in study information) after sending study information, compared to no telephone contact [28] .
(ii) Methods of administration Two studies with an overall low risk of bias comparing postal administration of questionnaires with different interventions found differing results. Postal administration increased questionnaire response compared to nurse or lay Evidence for strategies that improve recruitment and retention of adults aged 65+ years interviewer administration with a difference in response of 8.5% (4.4%, 12.7%; P < 0.001) between the mean of the interview methods and the postal method [46] . However, when compared to postal delivery, hand delivery of questionnaires by a person known to the participant increased survey response (X 2 = 11.40, P < 0.01) [25] with a 25.1% difference in response.
(iii) Incentive (monetary)
A cash incentive of $2 in a US study of radiologic technologists increased response to cohort follow-up questionnaires (retention) [24] . The difference in response was 34.9% (P < 0.05) between incentive and no incentive; however, this study had an overall unclear risk of bias.
(iv) Questionnaire length
One study with an overall unclear risk of bias found that shorter length questionnaires increased response compared to longer questionnaires (5% difference) [41] . However, response was less dependent on questionnaire length than financial incentive since, although a short questionnaire increased response compared to a full questionnaire, response was increased further by a longer questionnaire and recorded delivery (13% difference) and further still by a longer questionnaire and cash voucher (20% difference) (X 2 = 27.79, P < 0.0005) [ Our review has shown for the first time that there are fewer studies and fewer successful strategies for improving participation of older adults in research studies than in the wider population. We found similarities in some strategies from previous reviews with no age restrictions (opt-out for recruitment, one study [13] ; open design for recruitment and retention, one study [13, 14] ), and an additional study supporting opt-out for recruitment [32] . However, some results differed for older adults. A previous review found pre-notification increased questionnaire response [15] ; however, we identified advance notification as a successful retention strategy in two studies [36, 37] . We found 
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two different strategies (an informal consent process [20] and surveys delivered by hand [25] ) not idenfitified by previous reviews, although the evidence was from single studies. The effects of incentives [14, 15, 52] and shorter length postal questionnaires [15] , reported as successful strategies in the wider population, were unclear in older adults, due to the studies having an overall unclear or high risk of bias. The one study of incentives we assessed as having an overall low risk of bias, reported no effect of a cash incentive in older adults [27] . There was no evidence for shorter e-questionnaires, in contrast to results from the wider population [15] , and a notable lack of studies testing strategies using technology in older adults in our review overall. This review provides evidence that opt-out compared to opt-in may be a successful recruitment approach in older adults [32, 48] although the Trevena et al. study had small numbers [48] . The evidence for opt-out strategies is strengthened by the Harris et al. study, which included an opt-out option with the successful telephone contact strategy [28] . However, an opt-out strategy can pose ethical challenges such as the potential risk of coercion if participants feel pressured to participate. Likewise, although telephone contact is a simple, successful recruitment strategy [28] , its use may be limited if ethical approval is not given to obtain patient telephone numbers. Overall, our review suggests that an opt-out approach (perhaps combined with telephone contact) may be a successful recruitment strategy in older adults, but requires further testing.
Our review has shown for the first time that advance notification by telephone [36] or newsletter [37] compared to no advance notification can increase retention of older adults, although the effect may be larger for subsequent questionnaires [36] . A previous review showed pre-notification increased questionnaire response [15] , although the method of randomisation was not specified and/or allocation concealment was assessed as inadequate or unclear in 44 of the studies [15] . The remaining three had populations aged <65 years [53, 54] or were aimed at primary care physicians [55] . In summary, we suggest that advance notification is a simple, effective strategy that can be employed to increase retention in older adults.
Two strategies, not identified by previous reviews, increased recruitment [20] and response [25] , although the feasibility of each strategy was linked to its study context. An informal, combined capacity and consent process could be applied when recruiting dementia populations [20] , but its use in other study populatons is unclear. Surveys delivered by hand [25] would not be practical or cost-effective in many study settings, limiting its widespread use. The success of this strategy may be due to the home-delivered meals driver being known to the participant [25] , providing evidence that communication and trust in the study personnel in contact with older adults is an important factor [56] [57] [58] [59] . As found in previous reviews [13, 14] , use of an open randomised design [21] may be limited depending on the study context, because participants are not blinded to the intervention.
Limitations
There are some limitations to this review. The protocol was not registered prospectively. Titles were screened by one person. However, we retrieved many articles found in other reviews, checks of which show that they did not fulfil our inclusion criteria, most commonly because results were not presented separately for age ≥65 years. The variety of interventions, populations and settings meant that the results could not be pooled for meta-analysis. The majority of studies were nested within larger host studies. Design of these methodological studies was, therefore, not always planned, and so not necessarily powered to compare the interventions under investigation. The results from some studies may be limited by the absence of statistical significance. We did not include unpublished material or conduct a forward citation search. We contacted authors only as necessary to calculate the total n and the absolute rates of response, recruitment or retention for included studies.
Conclusions
This review identified fewer studies, and fewer strategies, for improving participation of adults aged ≥65 years in research than previous reviews with no age restrictions, suggesting that evidence-based strategies in the wider population may not all be successful in older adults, or have not been tested/reported in this age group. Advance notification is a simple strategy that can be used to improve study retention of older adults, and ultimately help to facilitate evidence-based healthcare interventions appropriate for this age group. An opt-out approach can improve recruitment but may have ethical implications and requires additional studies. Few of the successful strategies with low risk of bias have been tested in more than one study, and some may be limited by study context. Therefore, future research should confirm and expand the evidence base found in this review, particularly testing strategies using technology.
Key points
• Participation of adults aged ≥65 years in research needs to be improved in order to improve the evidence base for their treatments.
• Advance notification (contacting participants prior to sending follow-up questionnaires) can increase study retention.
• An opt-out approach (assumes a person is willing to participate unless they actively opt-out) can increase study recruitment.
• Evidence for other successful strategies came from single studies, some of which may depend on study context. • Future research studies on strategies to improve participation in older adults should stratify results by age ≥65 years.
Evidence for strategies that improve recruitment and retention of adults aged 65+ years
Supplementary data
Supplementary data are available at Age and Ageing online.
